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0) A closed loop feedback control for a high pres- 
S e im^Sment mixing system. The high pressure 
impingement mixing device is equipped wrth a c£ 

vo ume o effect a change in an adjustable . pump (9) 
anri serv0 displaceable nozzle needle (10). 
S noSe need* adjustment (13) allows maintajn- 
inn ^expropriate pressure and volume on a con- 
9 ! KE also allows altering component ra- 
d or flow vSumes during a shot in order to 
Xct a change in materia, or flow charactenst.cs of 
a produced part. control bioc* 
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IMPINGEMENT MIXING DEVICE WITH PRPQe„ BI - 

cviut WITH PRESSURE CONTROLLED NOZZLE ADJUSTMENT 

BACKGROUND OF THE INVENTION 



1 . Field of the Invention 

d* J* 16 in w enti ° n re ' ateS ,0 im Pi"9ement mixing 
devices and particularly to pressure control adjust- 
ments in .mpingement mixing devices. 

2. Description of the Related Technology 

Impingement mixing devices are utilized for 
mixing two or more components by high pressure 
jmp,ngement in a contained area or mfxing cham ! 

IT" 98 ?' 11 miX ' n9 dSVi0eS are Particularly 
useful for production of polyurethane by the reac- 
tor, of polyol and poly-isocyanate. Other plastic 
materials may also be produced in impingement 
mixing devices such as polyureas. nylons, polyes- 
ters and the like, (n order to achieve appropriate 
colons for a reaction these components mS 
be intimately mixed. This mixing may be achieved 
by h,gh pressure impingement in a mixing head 
U.S. Patents 3,706,515 and 4.175,874, the disclo- 
sures of which are incorporated herein by rX»- 

I T h *' 9h PreSSUre dement mixing 
heads wh,ch may be utilized in the present inven- 

utii^™ h ' 9t ! P , reSSUre im P ,n 9 ef "ent mixing heads 
utilize a control piston which regulates a switch 
over between component recirculation atd ^compo- 
nent mixing phases. The high pressure mivL, 
heads exhibit infeed ducts whic'h S 
zles for introduction of the components Into a mix- 
^arnber. Input nozz.es include a nozzle neel 
wh,ch defines an annular gap. The nozzle needle 

nan T h * S6t the HOZZle 

gap. The setting of the nozzles sets the cross- 
secbona, area of the inlet ports and therefore has a 
large effect on the impingement pressure of the 
components. 

During production of polyurethane parts it is 
important that impingement pressure be ^oted 
Sma changes ,n impingement pressure can have 
° n tne Wy of.parts produced 

e2£ ° t0rS SUCh 33 differin 9 serial vis- 

cosrt.es, nozzles needle wear, and thermal expan- 
sion of need.es has an effect on the processing 
pressure and, thus, on the production result in 

tzrs?T processes pressure Was ^ - - 

afte ™ aerator noticed a decrease in 

Si? i - e -. When a «<■«• portion of pro- 
duced parts were rejected. 



SUMMARY OF THE INVENTION 

It is an object of the invention to provide an 
impingement mixing apparatus which continuously 
s monitors component pressure and automatically 
adjusts the nozzles needle gap in order to maintain 
tne appropriate pressure. The nozzle needle gap 
can be adjusted by axially adjusting the nozzle 
needle position. The axial movement of the nozzle 
10 needles can overcome the effects of changes in 
the pressure due to thermal expansion of the im- 
pingement components, built-up residue, deteriora- 
tion of the nozzles, or a partial blockage of the 
impingement port. 
'5 The interaction between volume and pressure 

of each component further enables changing the 
component mixing ratio by affecting the pressure 
of only a s.ngle component or by modification of 
the component pressure of each component in- 
20 dependent of the component pressure of the other 
components. Changing the component mixing ratio 
will effect the characteristics of the product pro- 
duced. Particularly, the density or hardness of 
foam produced in a polyurethane mixing system 
25 can be effectively altered by adjusting the nozzles 
tor a sing ie component during the course of a shot 
This procedure enables production of multiple den- 
sity pieces utilizing only a single mixing head 

™ rr V '°u S ^ mU " ip ' e density pieces re <*™ the use 
30 of multiple mixing heads, duplex mixing devices 
such as described in U.S. Patent 4,175,874 or 
complicated mechanical hydraulic adjustments as 
shown In u.S. Patent 4,378,335 the disclosure of 
which is incorporated herein, 
as Especially during the production of larger parts 
such as car seats it is important to pour more of 
LhlT?? com P° nents " Portion of a mold 

that l?hTr a ^ ° f the Pr0duct th *" 

that which defines a shallower area. The apparatus 

<o according to the invention enables convenient com- 
puter controlled variation of shot volume per unit 
tonne and mixing ratio during the course of a single 

« «#» C '°« ed l0 ° P COntr0 ' and Wvision of param- 
45 eters effecting good mixing such as temperature 
pressure, and volume is required for good metering 
-n an .mpmgement mixing system. The mixing 
head support robotics carry the mixing heads over 
open molds at uniform travel speeds. The pressure 
50 centre, apparatus of the invention allows vaS 
output rates during a shot and thus enables in 
many cases, filling a mo.d with a varying deptn 
with a single pass of a mixing head. By altering the 
component mixing ratios during a shot, compres- 
sion hardness of the foam produced can be varied 
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without utilizing two mixing heads or a duplex mix- 
ing head. By transferring this closed loop control 
method to mixing/metering machines with fixed 
mixing heads installed on closed molds allows the 
output rate to be matched to the mold profile or 
even to influence the flow pattern of the product 
within the mold. A further advantage of the nozzle 
adjustment apparatus is that foreign bodies which 
have collected on the nozzle needle may be re- 
leased if the needles are lifted off so that the 
nozzles may establish a flush mode during the 
recirculation phase prior to production of a shot. 

Automation in production processes is gaining 
increasing importance in polyurethane production. 
The present market place demands highly flexible 
production plants with the highest possible produc- 
tion rates resulting in a large number of moldings 
with a minimum number of rejects. According to 
the invention these objects can be maintained by 
utilizing a fully closed loop controlled metering 
machine. The primary variables or production pa- 
rameters which can effectively be controlled by 
closed loop systems are temperature, volume, and 
pressure of the components. 

Volume control has been to a certain extent 
possible by the utilization of variable rate compo- 
nent pumping units. Prior to the instant invention it 
has not been possible to suitably regulate the pres- 
sure of an impingement mixing plan. Prior to the 
invention pressure could only be set by manual 
adjustment of nozzles when the mixing heads was 
off-line. This, however, could not result in consis- 
tent pressure settings during the duration of a long 
production run. Interference factors such as varying 
material viscosities, nozzle needle wear and heat 
caused expansions of the needle have a direct 
influence on the processing pressure and over the 
course of a production run result in degraded prod- 
uct quality. In most cases pressure was only cor- 
rected when the article quality had dropped consid- 
erably and a large number of rejects were pro- 
duced. A further disadvantage of fixed nozzles is 
the small range in which the output could varied 
without dropping the operating pressure below the 
minimum pressure necessary for mixing. 

According to the invention the system pressure 
is monitored and regulated by a closed loop ar- 
rangement for adjusting the nozzle gap. Closed 
loop control of the pressure is achieved by adjust- 
ing the stroke of the nozzle needle and thus the 
width of the nozzle gap. The relationship between 
the nozzle gap and the setting stroke is given by 
the angle of the needle tip. 

Altering the pressure in a closed loop system 
effects a change in volume and vice .versa. In a 
polyurethane production plant the components 
must flow through various elastic hoses and pipe- 
lines between the pump and the mixing head. 



Compressibility of the hoses and components re- 
sults in a lag between a command to effect a 
change in the production parameters and the actual 
occurrence of the change. Depending on the sys- 

5 tern a lag of up to two seconds is possible before a 
setting command takes its full effect. During steady 
state production of parts this lag does not have a 
significant affect because of the continuous moni- 
toring and adjustment of the nozzles. The effects of 

io this lag can easily be compensated for during 
production of multiple density or multiple output 
rate shots by a "look ahead" implementation of the 
computer controlled command sequence. In the 
computer controlled look ahead sequence the com- 

75 puter controller for regulating the mixing head shot 
simply anticipates the point at which the flow 
changes is required, thereby compensating for the 
characteristic delay contained in the production 
plant. 

20 Advantageously, all of the open and closed 

loop control algorithms for the pressure regulation 
and volume controls may be arranged in a master 
computer. Additionally the position closed loop 
controls, specifically the flow and pressure controls 

25 may be arranged on separate position control 
cards so as to relieve this burden from the master 
computer. While control parameters such as needle 
position and pump pressure may be absolutely 
controlled and monitored this would require a tre- 

30 mendous expense for highly accurate components. 
Alternatively the machine may be set up with much 
simpler components and the system calibrated 
only when a mixing head nozzle or nozzle needle 
is replaced. Upon replacement of one of these 

35 components a learning process may be imple- 
mented to set the operational parameters of the 
system. This is required when actual value trans- 
ducers or absolute sensors are not utilized. The 
learning process establishes the characteristic pat- 

40 tern of the mixing system by recording all pump 
setting-cylinder and nozzle needle positions with 
the pumps running. The results may advantageous- 
ly be stored on a databank or diskette so that this 
operation need not be repeated each time the 

45 system is brought up. 

According to the invention, the nozzle adjusting 
system allows consistent closed loop pressure con- 
trol, independent of all interference factors, not 
subject to material or viscosity variations, and able 

so to maintain constant pressures at variable through- 
put volumes. 

Additional features and advantages of the in- 
vention will become apparent from a review of the 
drawings and the detailed description of the pre- 
ss ferred embodiment below. 
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S imn.o R h 9 ' k i,,UStrateS 3 schema «c rendition of a 
ample high pressure impingement mixing head 

with servo adjustable nozzle assemblies 

adi,, 2 S ! 10WS 3 deta,ted view of ih e servo 

adjustable nozzle needle assembly. 

Fig. 3 illustrates a nozzle needle tip 
no^i. F l , 4 i,,UStrateS 016 re,a «onship between 

oSn, f P CSment and Pressure at va »°"s com- 
ponent flow rates. 

of a hSh 5 , n ' UStrateS 3 SChematic P h ^ical layout 

SCS^ PBMm * r contro,,ed im ~ 

or 3m f "'f trat6S 3 C0nce P«O"al block dia- 
gram of a dosed loop parameter control apparatus. 

i-ig. 7 .llustrales a component run profile for 
an uncompensated component shot . 

nent <*«?' ,,,UStrates a ™ P~«'e for a compo- 
nent shot ut,l,z,ng a look ahead lag compensation 



DETAILED DESCRIPTIO N OF THE PREFFRRFn 
EMBODIMENT — — l^HEFERRED 

According to the invention an impingement 
mocing head such as those adapted for use in h,g h 
pressure polyurethane impingement mixing may be 
advantageously arranged so that component pre? 
sure may be affected during a shot by Tclosed 

23? ,m h P ' n9ement preSSUre ' alter P~duct char- 
actenst.cs by changing component ratios. andSr 
a^ter output rate of the impingement mixing 
Fig. 1 shows an impingement mixing head 1 wh ch 
emptoys a hydraulic** operated cLofpiston 2 
The control piston is shiftable between a first ad- 
vanced position (not illustrated) where component 

7rZT:*7 t ports 3 ~£zz 

22? « * component outlets 5 to reservoir 

tanks 6. An application for the contemplated Z 
pmgement mixing heads may be high pressure 
= ement mixing of po.yurethane. ° h 
ducfon of polyurethane at least two flowable com- 

reactfon aST 3 Pr ° Per COm P° ne "" 

reaction. Small amounts of unmixed components or 

«nVp:r c r es often cause fata » ~* * 

«JHr PiSt ° n 2 may be retract ed into a 

duced Whereby C0 ™P°"ents are intro- 

poX 3 L "T" 9 Chamb6r 7 thrOU 9 h ,he f "'et 
in S mil^ rhT P K ne ? impin9e Up0n each «her 
h Jh * 9 mber 7 and f,ow out °f the mixino 
head ,nto a mold (not shown). The impingemem 
m,x,ng head is equipped with nozzle aSem b 7y 8 

Pumos o C Ud6S ~™ adjUSteb,e "^'e needfes 
eZoul f anSp ° rt 1 the ~<"Ponents from reservoi 
6 through the circulation lines to the nozzle aMflm 

htd^nt 1 i,,UStrateS 3 *"* 
bead the invention ,s in no way limited in applica- 



tion to such mixing heads. It is contemplated that 
this .nvention may be utilized with a diverse array 
of impingement mixing devices including but not 

s 22, ? h6adS ' L " Sha P ed and T- 

5 shaped heads. 

Hg. 2 shows a detailed layout of a nozzle 
assembly with a servo adjustable nozzle needt 

of 11 T , ShOWn in Rfl - 2 a " ows fine a dJ"stment 
of the axial position of the nozzle needle 10 The 

intef j and e dV° " ^ ^ *» COm P°-" 
nlet 3 and defines a nozzle gap 11 through which 

he components are introduced. The nozzle needle 

0 is arranged in a nozzle holder 12 which is 

attached to the body of the impingement mixing 

r.nt ? T P ° nent feed ,ines are a dvantageousl? 
connected to the nozzle holder. An adjusting spm- 
dte 13 ,s attached between the nozzle needle 10 
and the servo drive motor 14. The adjusting spindle 
20 S ZV° tranS ' ate ^ r ° ta,i0na ' ™*» 5 the 

mo T adiustin 9 s P ind| e 13 is arranged in a hous- 
Z , f ' The portion of the s Pind'e connected to the 

2s spline k ey 16 which allows only axial movement 
The translation of rotation motion to axial displace' 
menus accomplished by a threaded portion 17 of 
the adjusting spindle. 

Fig. 3 shows an enlarged view of a nozzle 
» need e 10. the close loop control of the pressor 
regulated by setting the adjusting stoke £ and 
thus ,he width of the nozzle gap bs . The relation 

de ?n2 Tr** n ° 2Z,e 93P 3nd 3 settin 9 5 ^e is 
defined by the angle of the needle tip. A verv 

35 pointed nozzle needle would be capable of very 

fine adjustments of the nozzle gap LeZ LltZ 

needles have a lower degree of aZtaX but do' 

a low for greater efficiency by reduced hydraulic 

notion losses. Fig. 4 shows a characteristic profile 

mT sii 0 fT' e di ?' acement •* is correlated to 

Hfl " 0Z2,e 9ap - The vertical 3x18 repre- 
sents the nozzle pressure. The relationship b t 

tween pressure and displacement is plotted at var- 

« w. i output flow rates. A window is drawn in reprL 

sentmg an exemplary range of nozzle pressures for 

an .mpingement process. If, for example, a ores- 

Z u f th 24 ° ^ ,S deSired With an "» Pe second 
50 be^fn app : opriate no «'e displacement would 
b mf PProx,mate| y - 5mm - Because pressure and vol- 

leTd to e a dr' ated any Chan9S in pressure S 
ShL enC8 f,ow vo,ume - T he relation- 
s' between pressure and volume depends on the 
particular system configuration including the char- 

ST el? miXi " 9 ^ and "-li as2m- 
„Zf: ° enab,e com P"ter regulated output and 
pnassure control the mixing system should be Su- 
brated pnor to its use. This calibration procedure 
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defines a data set which would enable the control 
computer to adjust pressure by varying the nozzle 
displacement and flow volume by setting an adjust- 
able pump to establish a desired operating point. 

Once .the mixing system is calibrated and the 
characteristic pattern is stored various shot pro- 
grams can be run without significant setting prob- 
lems and at a very high accuracy of repeatability. 
The characteristic curve fields describe the behav- 
ior of the entire machine including feed pumps, the 
mixing head, and the nozzle needles. The char- 
acteristics can be established by completely open- 
ing, i.e., retracting the nozzle needles and stepping 
the range of pump output settings. At each pump 
output setting the pressure and flow rate is re- 
corded. This process is repeated while progres- 
sively closing the nozzle gap for each nozzle set- 
ting. This procedure establishes a complete data 
set which the computer may subsequently utilize to 
control the pressure and output volume of the 
mixing apparatus to a desired setting. 

The characteristic data set for the mixing sys- 
tem may be used during production to generate 
the desired setting for the nozzle displacement and 
pump adjustment in order to establish pressure 
and output rates. A particularly simple method in 
determining the appropriate settings for the desired 
parameters would be a simple iterative look-up 
process resulting in successive estimation of the 
appropriate settings. For example, if a predeter- 
mined pair of set values (pressure/flow rate) is to 
be attained the first step in the process would 
involve ascertaining the appropriate pump position 
for a particular flow rate assuming a completely 
open nozzle position. The second step would in- 
volve ascertaining the appropriate nozzle position 
for the desired pressure given the pump position 
ascertained in step 1. The third step entails ascer- 
taining the appropriate pump position for the de- 
sired flow rate given the nozzle needle position 
ascertained in step 2. Finally, the pump position is 
ascertained for the corrected needle position found 
in step 3 based on the desired pressure. This 
process may be repeated until the pump position 
and needle position setting sufficiently converge to 
achieve an accurate result. In practice it has been 
found that this progression is strongly convergent 
and no more than two iterations are practically 
required. 

Because of the compressibility inherent in mix- 
ing systems there is a degree of lag associated 
with adjusting the pumps and nozzle positions. Fig. 
7 shows a uncompensated run profile for a change 
in output rate for two components. Curve 1 shows 
the desired output rate. Curve 2 shows the output 
of both components utilized in an impingement 
mixing system. Curves 3 and 4 show the individual 
output rates of components A and B. It can clearly 



be seen that the actual output rate 2 lags measur- 
ably behind the desired component profile 1. Fig. 8 
shows a run profile which is compensated by a 
look-ahead setting. The look-ahead serves to antici- 

5 pate the desired output rate change by effectively 
commanding adjustment of the nozzle and/or pump 
a given period of time prior to the desired output 
change. Fig. 8 clearly demonstrates that the actual 
output rate shown in curve 2 more closely con- 

w forms to the desired output rate illustrated in curve 
1. 

Fig. 5 shows a system layout flow diagram for 
the control of a single component in an impinge- 
ment mixing system. For the sake of simplicity, the 

15 second component control apparatus is not shown 
insofar as each component regulation layout is 
identical. The mixing head is illustrated as a con- 
trolled valve 21. The component flows in circulation 
loop 22 from the reservoir 6 through an adjustable 

20 pump 9 and into the mixing head 21. In the recir- 
culation mode the component then returns from the 
mixing head 21 to the reservoir 6. In the pouring 
mode the component would be mixed and flow out 
of the mixing head into a mold. The threaded 

25 adjusting spindle 13 serves to control the variable 
control valve 21/mixing head 1. The spindle is 
driven by a servo drive motor 14. An incremental 
transmitter 23 is advantageously connected to the 
servo-motor 14 for reading the motor rotation which 

30 corresponds to the nozzle position. The increment- 
al transmitter 23 may advantageously be com- 
posed of a electromagnetic pick-up which detects 
rotation of a disk associated with said servo-motor. 
The adjustable pump 9 can be adjusted utiliz- 

35 ing a setting piston 24. Movement of the setting 
piston affects a change in flow rate through the 
pump 9. The setting piston is controlled by a servo 
valve 25 supplied by lines P and T. The position of 
the setting piston is monitored by a linear poten- 

40 tiometer 26. The setting piston may advantageous- 
ly be coupled to an output tap of the potentiometer 
26. The pump position can thereby be read from 
the output value of the potentiometer. 

A pressure transducer 27 to monitor pressure 

45 is advantageously connected to circulation loop 22 
between the adjustable pump 9 and the mixing 
head 21. A flow meter 28 is also connected in the 
circulation loop prior to the mixing head. The con- 
trol block 30 is connected in a closed loop. The 

so control block monitors the pressure transducer 27 
and the incremental transmitter 23 in order to ac- 
tuate the servo-motor 14 to control the nozzle posi- 
tion. In a similar fashion the control block also 
monitors flow meter 28 and the linear potentiom- 

55 eter 26 in order to actuate the servo valve 25 to 
adjust the setting piston 24 thereby setting the 
pump 9. 

The instantaneous feed volume is measured by 
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the flow meter 4. The value measured in this man- 
ner is advantageously compared with a set value 
The control block determines a deviation from the 
set value and therefrom a corrected position value 
tor the pump control devices is ascertained. The s 
corrected position value is entered into a subordi- 
nate position control circuit as a new set value The 
subordinate position control circuit utilizes the lin- 
ear potentiometer 26 to measure the instantaneous 
position of setting piston or cylinder 24 and com- w 
pares that to a set value. Consistent with the con- 
trol delation a setting signal is issued to the servo 
valve 25 so that the setting piston 24 is displaced 
in the appropriate direction thereby adjusting the 
flow volume through pump 9. 

The pressure transducer 27 can advantageous- 
ly serve as an actual value sensor. Similar to the 
mask control circuit, here again the control de- 
viation is measured and a new set value for the 
position of the nozzle needle is determined in the 20 
control block 30. The instantaneous position of the 
nozzle needle measured by the incremental trans- 
mitter 23 is utilized in order to ascertain an appro- 
priate setting signal to correct the deviation. The 
control block issues a signal to the servo-motor 14 2S 
which affects a displacement of the nozzle needle 
via the adjusting spindle 13 thereby altering the 
nozzle spray pressure. 

Fig. e shows a schematic block diagram of the 

t a ro! U hr! ntS SyStSm i,,UStrated in R 9- 5 - Tne con- 30 
trol block , s .mplemented in a control computer 40 

with associated independent position controllers 41 
and 42 for the pump and nozzle needle adjust- 
ments respectively. An input/output (I/O) block 43 
receives the output signals from the incremental 3S 
transmitter 23 represented as a gear counter 44 
and the pressure transducer 27 represented as a 
pressure sensor 45. The servo-motor 14 is respon- 
sive to the position controller 42. The incremental 
transmrtter is coupled to the servo-motor 14 and 40 
provides an output to the position controller 42 
representative of the position of the servo-motor 

Ion ITTTV 8 a ' S0 conne «ed to a transmis- 
s.on block 46 which corresponds, in the preferred 
embod.ment. to the adjusting spindle 13. The ad- 45 
justmg spindle is coupled to the needle 10 The 
controlled parameter pressure is represented by 
the output P a (pressure of component A). The 
output pressure P a is monitored by pressure sen- 
sor 45 whose output is connected to the computer so 
40 through the I/O block 43. 

The position controller 41 for adjusting the 

SJ 15 , C T eCted a ^hioa The 

position controller 41 is connected to a settino 
control 47. This setting control corresponds to ne 55 
senjo valve 25 i.lustrated in Fig. s^The settLg 
control is connected to a pump setting cylinder 4? 
corresponding to the setting piston 24 illustrated in 



Fig. 5. The setting cylinder 48 is connected to the 
adjustable pump 9. The setting cylinder is also 
connected to a position monitor 49 which cor- 
responds to the linear potentiometer 26. The pri- 
mary output of the setting pump is flow rate repre- 
sented by output Q a (flow rate of component A) 
This flow rate is detected by a gear counter 44 
which corresponds to flow meter 28 illustrated in 
Fig. 5. Gear counter 44 is connected to computer 
40 through I/O block 43. Fig. 6 also illustrates the 
most significant sources of interference variables in 
the control system. These interference variables 
are represented by input 2, and most significantly 
will occur at the setting cylinder 48, the pump 9 
and nozzle needles 10. 

Described herein is a example of the preferred 
embodiment of the invention. Those of ordinary 
skill in art will comprehend that many modifications 
are possible without departing from the spirit and 
scope of the invention. The embodiment described, 
above is not intended to limit the scope of protec- 
tion defined by the claims. 

Claims 



1. An impingement mixing apparatus with- 
an impingement mixing head (1) for mixing at least 
two components; 

a circulation loop leading from a component reser- 
voir (6) to an input port (3) of said mixing head (1) 

hi! JlT. 3 recircu,a,ion (5) of said mixing 
neaa (1) to said component reservoir (6); 
a component pump (9) arranged in said circulation 
loop characterized by: 

a closed feedback loop means for adjusting im- 
pingement pressure including means for monitoring 
pressure (45) connected to said recirculation loop 
control means (30) for evaluating monitored pres- 
sure responsive to said means for monitoring, and 
means (46) for changing a cross-section of said 
circulation loop connected to said circulation loop 
and responsive to said control means (30). 

2. An impingement mixing apparatus according 
to Claim 1. characterized in that said means (46) 
tor changing includes: 

an adjustable nozzle needle (10) arranged in an 
input port (3) of said mixing head (1); and 
means (14) for axially displacing said adjustable 
nozzle needle (10) connected to said nozzle nee- 

* n r ?\ An j m P in 9 em ent mixing apparatus according 
to Claim 2. wherein the input port (11) is character- 
^..f y /,«x con ' cal configuration and said nozzle 
figuration * corresponding conical con- 

to -i An j m P' n 9 em ent mixing apparatus according 
to Claim 2, wherein said means for axially displac- 
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ing is characterized by: 

a servo drive motor (14) connected to said im- 
pingement mixing head (1); and 
an adjusting spindle (13) coupling said servo drive 
motor (14) to said adjustable nozzle needle (10) for 
translating rotational motion of said servo drive 
motor (14) to axial motion of said nozzle needle 
(10). 

5. An impingement mixing apparatus according 
to Claim 4, wherein said means for adjusting im- 
pingement pressure is characterized by means for 
altering component output rates by adjusting im- 
pingement pressure of a single component wherein 
said control means (30) is capable of effecting 
displacement of said nozzle needle (10) at a pre- 
determined point in a component shot; and 
transmitter means (23) connected to said servo 
drive motor (14) for indicating incremental motion 
of said servo drive motor (14) to said control 
means (30). 

6. An impingement mixing apparatus according 
to Claim 4, characterized by: 

a second closed feedback loop means for adjusting 
component flow volume connected to said circula- 
tion loop. 

7. An impingement mixing apparatus according 
to Claim 6, wherein said second closed feedback 
loop means is characterized by: 

a flow meter (28) arranged in said circulation loop; 
means (48) for adjusting flow volume through said 
circulation pump (9) connected to said circulation 
pump (9); and 

means (47) for controlling adjustment of said cir- 
culation pump (9) connected to said flow meter and 
said means (48) for adjusting flow volume. 

8. An impingement mixing head with: 
a component impingement zone (7); 

at least two means (8) for introducing component 
into said impingement zone; 

wherein said means for introducing is characterized 

by: 

an axially displaceable nozzle needle (10) arranged 
in a nozzle housing (12) connected to a mixing 
head (1); 

a continuously adjustable drive (14) connected to 
said nozzle needle (10). 

9. An impingement mixing head according to 
Claim 8, characterized by: 

a servo-motor (14) connected to said housing (12); 
and 

an adjusting spindle (13) for translating rotational 
motion of said servo-motor (14) to axial displace- 
ment of said nozzle needle (10), coupling said 
servo-motor (14) to said nozzle needle (10). 

10. An impingement mixing head according to 
Claim 9, wherein said adjusting spindle (13) is 
characterized by a rotating portion connected to 
said servo-motor (14) and an axially moving portion 



(10), rotationally set by a spline key (16), con- 
nected to said nozzle needle (10), 
wherein said rotating portion and said axially mov- 
ing portion (10) are joined by a threaded portion 
5 (17). 

11. A method for controlling a high pressure 
impingement mixing device characterized by the 
steps of: 

monitoring the pressure of a mixing head compo- 
io nent delivery line, and 

axially displacing a nozzle needle (10) thereby ef- 
fecting pressure in said component delivery line in 
a fashion to regulate pressure at desired levels. 

12. A method according to Claim 11, further 
75 characterized by the step of: 

monitoring position of said nozzle needle (10). 

13. A method according to Claim 12, further 
characterized by the step of: 

controlling said nozzle needle position responsive 
20 to the monitored pressure and nozzle needle posi- 
tion. 

14. A method according to Claim 13, further 
characterized by the steps of: 

monitoring the flow volume through said mixing 
25 head component delivery line; and 

controlling volume through an adjustable pump (9) 
to maintain a desired flow rate by adjusting said 
pump (9). 

15. A method according to Claim 11, wherein 
30 said steps of monitoring and displacing are char- 
acterized by a closed loop control of said pressure. 

16. A method according to Claim 15. character- 
ized by said closed loop control maintains said 
pressure at a constant level. 

35 17. A method according to Claim 16, character- 

ized by the step of altering said constant pressure 
level thereby altering the amount of said compo- 
nent delivered to said mixing head. 
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